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Description 

[0001] The present invention relates generally to an 
illumination apparatus, and more particularly to an illu- 
mination apparatus used to expose an object, such as 
a single crystal substrate for a semiconductor wafer, a 
glass plate for a liquid crystal display ("LCD"), an expo- 
sure apparatus using the illumination apparatus and a 
device manufacturing method using the exposure appa- 
ratus. 

[0002] The recent demands for smaller and lower pro- 
file electronic apparatuses increasingly require finer 
processing to the semiconductor devices mounted onto 
these electronic devices. The photolithography process 
is generally used to produce highly integrated devices, 
such as a semiconductor device, a LCD device and a 
thin film magnetic head. A projection exposure appara- 
tus is a vital apparatus to this process and exposes a 
pattern of a photo-mask (or reticle) onto a substrate, 
such as a photoresist applied silicon wafer and glass 
plate. 

[0003] The following equation gives the resolution R 
of the projection exposure apparatus, where X is a wave- 
length of the exposure light, NA is a numerical aperture 
of the projection optical system, and kj is a process con- 
stant determined by a development process: 

[0004] Therefore, the shorter the wavelength and the 
higher the NA, the better the resolution. However, a 
shorter wavelength would disadvantageously reduce 
the transmittance through a glass material, the depth of 
focus decreases in inverse proportion to the NA, and a 
larger NA makes difficult a design and manufacture of 
a lens. 

[0005] Accordingly, the resolution enhancement tech- 
nology ("RET") has been recently proposed which re- 
duces a value of the process constant k 1 for the fine 
processing. One RET is a modified illumination, which 
is also referred to as an oblique incidence illumination 
or an off-axis illumination. The modified illumination ar- 
ranges an aperture stop with a light-shielding plate on 
an optical axis in an optical system near an exit surface 
of a light integrator that forms a uniform surface light 
source, and introduces the exposure light obliquely to a 
mask. The modified illumination can form an annular il- 
lumination, a quadrupole illumination, etc. by controlling 
a shape of the aperture stop. 

[0006] On the other hand, prior art propose the mod- 
ified illumination having only linearly polarized light in a 
desired direction for the enhanced image contrast. See, 
for example, Japanese Patent Applications, Publication 
Nos. ("JPs") 7-183201 and 6-053120. JP 7-183201 us- 
es a filter to remove the light if the light does not have a 
desired polarization direction. JP 6-053120 discloses a 
method for creating the linearly polarized light in a de- 



sired direction by using a X 1 2 phase plate and the light 
that has been previously linearly polarized by a linear 
polarizer. 

[0007] An embodiment of the present invention seeks 
5 to provide an illumination apparatus that can set linearly 
polarized light in a desired direction to an arbitrary mod- 
ified illumination without lowering the illumination effi- 
ciency, and easily correct any deteriorations of the de- 
gree of polarization of the linearly polarized light, an ex- 
10 posure apparatus having the illumination apparatus, 
and a device manufacturing method using the exposure 
apparatus. 

[0008] An illumination apparatus embodying one as- 
pect of the present invention for illuminating a mask hav- 

15 ing a pattern, using light from a light source, includes a 
generating section for generating an effective light 
source distribution for a modified illumination to the 
mask, a polarization setting section for setting a prede- 
termined polarization state in plural areas in the effective 

20 light source distribution, and an adjusting section for 
commonly controlling a polarization state of each area. 
[0009] An illumination method embodying another as- 
pect of the present invention for illuminating a mask that 
has a pattern, using light from a light source, includes 

25 the steps of generating an effective light source distri- 
bution for a modified illumination to the mask, setting 
predetermined polarization states to plural areas sym- 
metrically in the effective light source distribution, com- 
monly controlling each polarization state of each area, 

30 detecting a degree of polarization set by the setting step, 
and controlling a polarization of the light used for the 
generating step, based on a result of the detecting step. 
[0010] An exposure apparatus includes the above il- 
lumination apparatus for illuminating a mask, and a pro- 

35 jection optica! system for projecting a pattern of a mask 
onto an object to be exposed. A device manufacturing 
method embodying still another aspect of the present 
invention includes the steps of exposing an object using 
the above exposure apparatus, and developing the ob- 

40 ject exposed. Claims for a device manufacturing method 
for performing operations similar to that of the above ex- 
posure apparatus cover devices as intermediate and fi- 
nal products. Such devices include semiconductor chips 
like an LSI and VLSI, CCDs, LCDs, magnetic sensors, 

45 thin film magnetic heads, and the like. 

[0011] Optional features of the present invention will 
become readily apparent from the following description 
of the preferred embodiments with reference to accom- 
panying drawings. 

50 

FIG. 1 is a schematic block diagram of an exposure 
apparatus. 

FIG. 2 shows an optical path around a phase ad- 
justing means in the illumination apparatus shown 
55 in FIG. 1. 

FIGs. 3A and 3B are schematic front views of a dif- 
fraction optical element shown in FIG. 1. 
FIGs. 4A and 4B are a phase distribution and sche- 
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matic sectional view of the diffraction optical ele- 
ment shown in FIG. 1. 

FIGs. 5A to 5C are exemplary light intensity distri- 
butions generated by the diffraction optical element 
shown in FIG. 1. 

FIG. 6 is a schematic plane view of a phase con- 
verting device. 

FIG. 7 is a schematic enlarged perspective view of 
components of the phase converting device shown 
in FIG. 6. 

FIG. 8 is a schematic view for explaining polariza- 
tion states of an incident surface and an exit surface 
of the phase converting device shown in FIG. 1. 
FIGs. 9A to 9D are schematic views for explaining 
a variation of polarization states of an incident sur- 
face and an exit surface of the phase converting de- 
vice shown in FIG. 8. 

FIG. 10 is a flowchart for explaining a method for 
fabricating devices (semiconductor chips such as 
ICs, LSIs, and the like, LCDs, CCDs, etc.). 
FIG. 11 is a detailed flowchart for Step 4 of wafer 
process shown in FIG. 10. 

[001 2] Referring now to the accompanying drawings, 
a description will be given of an exposure apparatus 1 
mounted with an illumination apparatus 100 according 
to one embodiment of the present invention. Here, FIG. 
1 is a schematic block diagram of the exposure appara- 
tus 1. The exposure apparatus 1 is a projection expo- 
sure apparatus that exposes a circuit pattern of a mask 
200 onto an object (plate) 400, e.g., in a step-and-repeat 
or a step-and-scan manner. Such an exposure appara- 
tus is suitable to a submicron or quarter-micron lithog- 
raphy process, and a description will be given below of 
this embodiment taking a step-and-scan exposure ap- 
paratus (which is also called "a scanner") as an exam- 
ple. The step-and-scan manner, as used herein, is an 
exposure method that exposes a mask pattern onto a 
wafer by continuously scanning the wafer relative to the 
mask, and by moving, after a shot of exposure, the wafer 
stepwise to the next exposure area to be shot. The step- 
and-repeat manner is another mode of exposure meth- 
od that moves a wafer stepwise to an exposure area for 
the next shot every shot of cell projection onto the wafer. 
[0013] The exposure apparatus 1 includes an illumi- 
nation apparatus 100, a mask 200, a projection optical 
system 300, and a plate 400. 

[001 4] The illumination apparatus 1 00 illuminates the 
mask 200 that has a circuit pattern to be transferred, 
and includes a light source 102, an illumination optical 
system (104 to 177), and a control system (118, 176, 
178 and 180). 

[001 5] The light source 1 02 may use as a light source 
an ArF excimer laser with a wavelength of approximate- 
ly 193 nm, and a KrF excimer laser with a wavelength 
of approximately 248 nm. A kind of laser, however, is 
not limited to excimer laser, and the number of laser 
units is not limited. A light source applicable to the light 



source unit 102 is not limited to a laser. One or more 
lamps may be used, such as a mercury lamp and a xe- 
non lamp. 

[0016] The illumination optical system is an optical 
system that maintains the light intensity and illuminates 
the mask 152 with a modified illumination with desired 
linearly polarized light. The illumination optical system 
includes a deflection optical system 104, a beam shap- 
ing optical system 106, a polarization control means 
108, a phase adjusting means 110, an exit angle pre- 
serving optical element 120, a relay optical system 124, 
a multi-beam generating means 1 30, a diffraction optical 
element 140, a relay optical system 150, an aperture 
152, a zooming optical system 156, a phase converter 
device 1 60, a multi-beam generating means 1 70, an ap- 
erture stop 172, and an irradiating means 177. 
[0017] The deflection optical system 104 introduces 
the light from the light source 102 to the beam shaping 
optical system 106. The beam shaping optical system 
106 can use, for example, a beam expander having a 
plurality of cylindrical lenses, etc. and convert an aspect 
ratio of the size of the sectional shape of a collimated 
beam from the laser light source into a desired value (for 
example, by changing the sectional shape from a rec- 
tangle to a square) , thus reshaping the beam shape to 
a desired one. The beam shaping system 106 forms a 
beam that has a size and divergent angle necessary for 
illuminating a fly-eye lens as the multi-beam generating 
means 130 described later. 

[001 8] The polarization control means 1 08 includes a 
linear polarizer etc., and serves to remove unnecessary 
polarized light. When the light source 102 uses the ArF 
excimer laser, the exited light is almost linearly polarized 
light. Even if the polarization plane is disturbed in the 
deflection optical system 104, the light enters the polar- 
ization control means 108 while the linearly polarized 
light dominates the light. The polarization control means 
108 serves to remove any unnecessary polarized light 
in the incident light so that the transmittable linear po- 
larization direction accords with the polarization direc- 
tion dominated by the incident light. Since the polariza- 
tion control means 108 minimizes the polarized light to 
be shielded, the desired, linearly polarized light can be 
taken out efficiently. 

[0019] The phase adjusting means 110 converts the 
linearly polarized light that passes the polarization con- 
trol means 108 into circularly polarized light. The phase 
adjusting means 110 serves as a phase plate that con- 
verts the linearly polarized light into perfectly or approx- 
imately circularly polarized light, and includes two quartz 
components, i.e., a crystal block 112 and a wedge crys- 
tal plate 114, and a fine-movement mechanism 116 that 
moves the wedge crystal plate 114. The crystal block 
112 and the wedge crystal plate 114 are birefringent 
crystal having optical axes that are aligned in the same 
direction. The fine-movement mechanism 116 includes 
a micrometer head etc. Here, FIG. 2 is a schematic block 
diagram showing an optical path of the phase adjusting 
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means 110 and its vicinity. In FIG. 2, both lines to the 
left and the right of the polarization control means 108 
graphically indicate the polarization states of the light. 
The line to the right of the polarization control means 
108 indicates that the light polarization direction is par- 5 
allel to the paper surface and the black dot on the line 
to the left indicate that the polarized light perpendicular 
to the paper surface exists, which corresponds to the 
above "unnecessary polarized light". When the light 
passes the polarization control means 108, only the po- 
larized light that is parallel to the paper surface enters 
the phase adjusting means 110 as indicated by the line 
to the right of the polarization control means 108, and 
the circularly polarized light is formed as indicated by 
the circle to the rightof the phase adjusting means 110. 
The rotating arrows to the right of the phase adjusting 
means 110 and the exit angle preserving optical element 
120 indicate the presence of circularly polarized lights 
in FIG. 2. FIG. 2 shows merely one embodiment, and it 
is not vital that the polarization direction is parallel to the 
paper surface at the left side of the phase adjusting 
means 110. 

[0020] Under control of a driver 118, which receives 
information of a fine movement amount through a con- 
trol signal from a control system as described later, the 
fine-movement mechanism 116 minutely moves the 
wedge crystal plate 114 in a longitudinal direction, and 
varies the thickness of the crystal part through which the 
light passes. Thereby, the phase adjusting means 110 
provides the transmitting polarized light with a desired 
phase difference and varies its polarization state. The 
phase adjusting means 110 of this embodiment pro- 
vides the incident light with the phase difference of X I 
4, and emits the incident linearly polarized light as the 
circularly polarized light. When an effective light source 
distribution of a desired polarization state is unavailable 
due to the influence of the phase offset caused by the 
optical system, the phase adjusting means 110 adjusts 
the phase so as to cancel the phase offset amount as 
described later. 

[0021] The exit angle preserving optical element 120 
emits the light at a certain divergent angle, and includes 
a micro lens array. The relay optical system 124 con- 
denses the light exited from the exit angle preserving 
optical element 120 into the multi-beam generating 
means 130. 

[0022] The relay optical system 1 24 maintains a Fou- 
rier transformation relationship between an exit surface 
of the exit angle preserving optical element 120 and an 
incident surface of the multi-beam generating means 
130 (or a relationship between an object surface and a 
pupil surface or a pupil surface and an image surface). 
An exit angle 122 in FIG. 2 is fixed by an exit NA of the 
lens element in the micro lens array, and the distribution 
1 26 of the light incident upon the incident surface of the 
multi-beam generating means 130 is always fixed in 
place on the surface even when the optical axis of the 
incident light fluctuates, forming a uniform light intensity 



distribution by multiple beams superimposed under the 
Koehler illumination. The shape of the uniform illumina- 
tion area 1 26 is similar to the outer shape of the fine lens 
in the exit angle preserving optical element 120. In this 
embodiment, the exit angle preserving optical element 
120 is a honeycomb micro lens array and the illumina- 
tion area 126 has an approximately regular hexagonal 
shape. 

[0023] The multi-beam generating means 130 is an 
optical integrator, such as a fly-eye lens that has plural 
fine lenses, and the exit surface forms a light source 
plane with plural point light sources. Each fine lens may 
be made of a diffraction optical element, or a micro lens 
array formed by etching process on the substrate. The 
multi-beam generating means in this embodiment is an 
optical element that has plural optical axes, forms a finite 
area around each optical axis, and specifies one beam 
in each area. 

[0024] As shown in FIG. 2, the circularly polarized 
light emitted from the multi-beam generating means 1 30 
has a constant exit angle 134 because of the fixed exit 
NA of the lens element. The light emitted at a desired 
exit angle 134 from each lens element is introduced as 
the circularly polarized light into the diffraction optical 
element 140. The diffraction optical element 140 is ar- 
ranged slightly apart from the condensing points 132 of 
the lights, and illuminated by the incident light having 
the divergent angle 134. Referring to FIGs. 3A and 3B, 
a description will be given of this state. 
[0025] FIGs. 3A and 3B are views for explaining the 
state of the incident light upon the diffraction optical el- 
ement 140. In FIGs. 3A and 3B, 142 denotes a diffrac- 
tion optical element surface on which a fine step shape 
is formed. The diffraction optical element surface is a 
surface of a quartz substrate, etc. 143 and 144 denote 
one light spot and indicate the light from one lens ele- 
ment when the multi-beam generating means 1 30 is a 
honeycomb micro lens array. In other words, the light 
incident upon the diffraction optical element 10 is a set 
of many light spots 143 and 144. 
[0026] The sizes of the light spots 143 and 144 fluc- 
tuate in accordance with a distance between the optical 
element 140 and the condensing point 132 in FIG. 2. 
For example, as the distance increases, the size of the 
light spot 144 enlarges, as shown in FIG. 3B, so that 
respective spots overlap each other on the diffraction 
optical element surface 142. The proper setting of the 
distance between the diffraction optical element surface 
140 and the condensing point 132 can protect the ele- 
ment from damages due to the energy concentration on 
the diffraction optical element surface 142. 
[0027] The diffraction optical element 140 is a phase 
type computer generated hologram ("CGH") in this em- 
bodiment, and has a stepwise convexoconcave shape 
on the substrate surface. The CGH is a hologram pro- 
duced by calculating an interference fringe between the 
object light and the reference light, and directly output- 
ting from an imaging machine. The interference fringe 
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shape that provides a desired light intensity distribution 
of the reproduced light can be easily calculated through 
repetitive calculations using a computer. 
[0028] FIG. 4A is a front view of the thus-produced 
phase type CGH, and FIG. 4B is a schematic sectional 5 
view taken along an arrow in FIG. 4A. FIG. 4A denotes 
a convexoconcave phase distribution formed on a sub- 
strate as a gray scale distribution 145. The semiconduc- 
tor device manufacturing technology is applicable to a 
production of the stepwise section like a section 146, 
and implements fine pitches relatively easily. 
[0029] The desired light intensity distribution or the ef- 
fective light source distribution obtained as a repro- 
duced image of the diffraction optical element 140 in- 
cludes, but is not limited to, a distribution suitable for a 
pattern to be exposed, such as an annular distribution 
shown in FIG. 5A, a quadrupole distribution shown in 
FIG. 5B, and a dipole distribution shown in FIG. 5C. 
These light intensity distributions are produced as re- 
produced images by the aperture 152 shown in FIG. 1, 
and projected onto the incident surface of the multi- 
beam generating means 170 after obtaining a desired 
magnification by the zooming optical system 156. This 
configuration provides a modified illumination, improv- 
ing the resolving performance. This embodiment intro- 
duces the circularly polarized light into the phase type 
diffraction optical element 140, and makes the effective 
light source distribution of the circularly polarized light 
because the diffraction maintains the polarization sur- 
face. In addition, the illumination condition is easily var- 
iable as a switching means, such as a turret 141 shown 
in FIG. 1 , switches plural diffraction optical elements that 
form effective light intensity distributions shown in FIGs. 
5A to 5C. If the polarization control is unnecessary at 
the normal illumination time, the phase converter device 
160 may be removed from the optical path. 
[0030] The relay optical system 1 50 forms an effective 
light source distribution 154 having an approximately 
uniform intensity on the aperture 152, using the diffract- 
ed light that has experienced a calculated amplitude 
modification or phase modification at the diffraction op- 
tical element 140. The diffraction optical element 140 
and the aperture 152 are arranged so that they have a 
Fourier transformation relationship. Due to this relation- 
ship, the divergent light from one arbitrary point of the 
diffraction optical element 140 contributes to the entire 
effective light source distribution 154. In other words, in 
FIGs. 3A and 3B, the arbitrary light in the light spots 143 
and 144 forms on the aperture 152 the effective light 
source distribution 154 suitable for the modified illumi- 
nation shown in FIG. 5A, 5B or 5C. 
[0031] As shown in FIG. 2, the light incident upon the 
CGH 140 has a spread angle 134, and the effective light 
intensity distribution 154 slightly blurs according to this 
angle. However, the blur angle is defined by the spread 
angle 134, and the diffraction optical element 140 is de- 
signed so that the desired effective light source distribu- 
tion 154 expects the blur amount. The effective light 



source distribution 154 is zoomed by the zooming opti- 
cal system 156 at a desired magnification, and projected 
as a uniform light source image onto the incident surface 
of the multi-beam generating means 170 via the phase 
converter device 160. 

[0032] A description will now be given of a method for 
efficiently converting a polarization direction of the light 
that forms the uniform light source image into a tangen- 
tial direction (or a polarization direction shown by 1 68 in 
FIG. 8) using the phase converter device 160 when the 
effective light source distribution 154 is the annular illu- 
mination shown in FIG. 5A. The tangential polarization 
illumination illuminates a target surface with linearly po- 
larized light orthogonal to the incident plane. 
[0033] FIG. 6 is a schematic front view of the phase 
converter element 160 arranged near the incident sur- 
face of the multi-beam generating means 170. The 
phase converter device 160 of this embodiment in- 
cludes eight A./4 phase plates 1 62 having a center angle 
of 45° arranged in a radial direction, where X is an ex- 
posure wavelength. The annular effective light source 
distribution 161 is a distribution formed at the incident 
side of the phase converter device 1 60 by the light emit- 
ted from the zooming optical system 1 56 after the zoom- 
ing optical system 156 turns the effective light source 
distribution 154 to a desired magnification. 
[0034] The X 1 4 phase plate 162 includes, for exam- 
ple, a birefringent crystal, like quartz, and generates a 
phase difference of X 1 4 wavelength (ti / 2) between a 
component that oscillates in the z direction (extraordi- 
nary ray) and a component that oscillates in the x direc- 
tion (ordinary ray) , where the z direction is assigned to 
its optical axis, and the circularly polarized light 163 en- 
ters the X 1 4 phase plate 1 62 in the y direction, as shown 
FIG. 7. Thereby, the linearly polarized light 165 that os- 
cillates in an azimuth of 45° or in a direction 164 is ob- 
tained on the xz plane. The X 1 4 phase plate 162 has a 
thickness of the birefringent crystal corresponding to the 
desired phase difference as shown in FIG. 7, and man- 
ufactured as an isosceles triangle having a vertical an- 
gle 1 66 of 45°. The optical axis z is set so that the linearly 
polarized light 1 65 has a horizontal direction component 
when the vertical angle 1 66 is located at the bottom. The 
phase converter device 160 is made by fixing the X 1 4 
phase plates 162 by a proper frame around the vertical 
angle 166 in a radial direction. 
[0035] The annular effective light source distribution 
1 54 is an image (or light intensity distribution) formed by 
introducing the circularly polarized light into the diffrac- 
tion optical element 140, or the circularly polarized light, 
as discussed with reference to FIG. 2. Therefore, when 
the annular image formed at the incident side of the 
phase converter device 160 is schematically shown as 
in FIG. 8, the light of the annular light intensity distribu- 
tion from the zooming optical system 156 incident upon 
the area of each X 1 4 phase plate 162 is the circularly 
polarized light 167. When the circularly polarized light 
167 passes the phase converter device 160, the light 
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incident upon the multi-beam generating means 1 70 be- 
comes linearly polarized light 168 that has polarization 
component in a tangential direction (of the annulus) as 
shown by arrows in shown in FIG. 8. 
[0036] The effective light source distribution for the 
modified illumination includes dipole and quadrupole 
distributions shown in FIGs. 5B and 5C. FIGs. 9A and 
9B show the dipole effective light source distribution, 
where FIG. 9A corresponds to the lower left diagram in 
FIG. 8 and FIG. 9B corresponds to the lower right dia- 
gram in FIG. 8. FIGs. 9C and 9D show the quadrupole 
effective light source distribution, where FIG. 9C corre- 
sponds to the lower left diagram in FIG. 8 and FIG. 9D 
corresponds to the lower right diagram in FIG. 8. As dis- 
cussed above, when CGHs that are designed and man- 
ufacture so as to provide these distributions, are mount- 
ed on the turret 141 , it is switched for use as the neces- 
sity arises. 

[0037] The multi-beam generating means 170 is an 
optical integrator, such as a fly-eye lens that has plural 
fine lenses, and its exit surface forms a light source 
plane with plural point light sources. Each fine lens may 
be made of a diffraction optical element, or a micro lens 
array formed by etching process on the substrate. 
[0038] Referring to FIG.. 8, when the desired uniform 
light source image 1 68 is projected onto the incident sur- 
face of the multi-beam generating means 170, the ef- 
fective light source distribution is transferred to the exit 
surface 174. Since the aperture stop 172 that corre- 
sponds to the annular light source image is arranged at 
the exit side of the multi-beam generating means 170, 
only the secondary light source distribution can pass the 
opening in the aperture stop 172, and the polarization 
component distributes in the tangential direction like the 
image 168. Simultaneously, the aperture stop 172 
shields the unnecessary light. 

[0039] Turning back to FIG. 1 , the control system in- 
cludes the driver 1 1 8, a half mirror 1 76, a condenser op- 
tical system 178, and a degree-of-polarization monitor- 
ing system 180. The driver 118 moves the phase adjust- 
ing means 110 in the longitudinal direction as shown in 
FIGs. 1 and 2, provides a desired phase difference to 
the light that passes the phase adjusting means 110, 
and changes the polarization state. 
[0040] The half mirror 176 deflects part of the light 
from the multi-beam generating means 170. The con- 
denser optica! system 1 78 condenses the light deflected 
by the half mirror 176. The degree-of-polarization mon- 
itoring system 180 determines and controls the moving 
amount of the driver 1 1 8 based on the light from the con- 
denser optical system 178, and includes a pinhole 182, 
a condenser optical system 184, and a sensor unit 186. 
The pinhole 182 is arranged on the focal plane of the 
condenser optical system 1 78, and is conjugate with the 
mask 200 as the target surface to be illuminated. The 
condenser optical system 184 introduces the light that 
passes the pinhole 1 82 to the sensor unit 186. The sen- 
sor unit 186 includes plural linear polarizers, a light re- 



ceiving element, and a CPU. Plural incident surfaces in 
the sensor unit 186 and the aperture stop 172 have a 
conjugate relationship. The operating part that operates 
the moving amount of the driver may be integrated with 
5 the driver 118. 

[0041] The mask 200 is made for example, of quartz, 
and has a circuit pattern (or an image) to be transferred. 
It is supported and driven by a mask stage. The diffract- 
ed light from the mask passes the projection optical sys- 
tem 300, and then is projected onto the plate 400. The 
mask 200 and the plate 400 are located in an optically 
conjugate relationship. Since the exposure apparatus 1 
of this embodiment is a scanner, the mask 200 and the 
plate 400 are scanned at a speed ratio of the reduction 
ratio. Thus, the pattern of the mask 1 52 is transferred to 
the plate 172. If it is a step-and-repeat exposure appa- 
ratus (referred to as a "stepper") , the mask 200 and the 
plate 400 remain still in exposing the mask pattern. 
[0042] The projection optical system 300 may use a 
(dioptric) optical system solely including a plurality of 
lens elements, a (catadioptric) optical system including 
a plurality of lens elements and at least one mirror, an 
optical system including a plurality of lens elements and 
at least one diffraction optical element such as a kino- 
form, and a (catoptric) optical system of a full mirror type, 
and so on. Any necessary correction of the chromatic 
aberrations may use a plurality of lens units made from 
glass materials having different dispersion values (Abbe 
values) or can arrange a diffraction optical element such 
that it disperses in a direction opposite to that of the lens 
unit. The projection optical system is applicable to a so- 
called immersion exposure that fills the fluid in a space 
between the plate 400 and the projection optical system 
300' s final lens at the image side so as to make the NA 
greaterthan 1 for use with exposure at higher resolution. 
[0043] The plate 400 is an exemplary object to be ex- 
posed, such as, a wafer and a LCD. A photoresist is ap- 
plied to the plate 400. The stage (not shown) supports 
the plate 400 via a chuck (not shown). The mask 200 
and plate 400 are, for example, scanned synchronously. 
The positions of the stage (not shown) and mask stage 
(not shown) are monitored, for example, by the interfer- 
ometer, so that both are driven at a constant speed ratio. 
[0044] A description will now be given of an operation 
of the exposure apparatus 1. The light emitted from the 
light source 102 is deflected by a deflection optical sys- 
tem 104 to the beam shaping optical system 106. The 
light that enters the beam shaping optical system 106 is 
shaped into a predetermined shape, and the polariza- 
tion control means 108 removes the unnecessary line- 
arly polarized lights. Next, the phase adjusting means 
110 converts the linearly polarized light into the circularly 
polarized light, and the exit angle preserving optical el- 
ement 1 20 divides the light into plural point light sources. 
Next, the light from the exit angle preserving optical el- 
ement 1 20 is incident as the circularly polarized light up- 
on the multi-beam generating means 130 via the relay 
optical system 124. 
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[0045] The circularly polarized light from the multi- 
beam generating means 1 30 enters the diffraction opti- 
cal element 140 while maintaining the exit NA P and is 
converted into the desired modified illumination. The dif- 
fracted light that is amplitude-modified or phase-modi- 5 
tied by the diffraction optical element 140 forms the ef- 
fective light source distributionl 1 54 on the aperture 1 52 
via the relay lens 152. Next, the effective light source 
distribution 154 is zoomed by the zooming optical sys- 
tem 156, converted into the linear polarized light by the 
phase converter device 160, incident upon the multi- 
beam generating means 170. 
[0046] The light exited from each fine lens element in 
the multi-beam generating means 170 is superimposed 
on the mask 200 as the target surface by the irradiating 
means 177 and, for example, Koehler-illuminates the 
target surface for the entirely uniform light intensity dis- 
tribution. The mask 200 is placed on the mask stage, 
and driven during exposure in the scanning exposure 
apparatus. The light that passes the mask 200 and re- 
flects the mask pattern is imaged onto the plate 400 
fixed on the stage via the wafer chuck (not shown) by 
the projection optical system 300 at a projection magni- 
fication (such as 1 / 4 and 1 / 5). The wafer chuck is 
provided on the wafer stage, and driven during the ex- 
posure. 

[0047] The phase converter device 160 converts a 
phase, but does not shield the light as in a filter. There- 
fore, no decrease of the light intensity or throughput oc- 
curs. The modified illumination provides a high-resolu- 
tion exposure. The effective light source illumination us- 
es the linearly polarized light in a tangential direction, 
and improves the image contrast. 
[0048] Due to the influence of the manufacture errors 
of the optical element in the illumination optical system, 
and the poor birefringence performance of the glass ma- 
terial and the antireflection coating, the phase offset can 
occur symmetrically to the center axis and the tangen- 
tially linear polarization can turn slightly to an elliptical 
polarization. In this case, the phase adjusting means 
110 and the control system adjust a phase and the de- 
gree of polarization. In other words, the half mirror 176 
extracts (about several percentages of) part of the exit- 
ed light from each fine lens element in the multi-beam 
generating means 170, and the condenser optical sys- 
tem 178 condenses the light into the pinhole 182 in the 
degree-of-polarization monitoring system 180. Since 
the pinhole 182 and the mask 200 have a conjugate re- 
lationship, the uniform illumination area is formed in the 
pinhole 1 82. Since the incident surface of the sensor unit 
1 86 is conjugate with the aperture stop 1 72, the effective 
light source distribution is formed on the incident surface 
of the sensor unit 186. As a result, the sensor unit 186 
measures the degree of polarization at plural positions 
in the effective light source distribution, and measures 
the intensities of different components from the desired 
linearly polarized light in the tangential direction. 
[0049] The CPU in the sensor unit 186 processes a 



detection signal as a result of the measurement, calcu- 
lates the fine movement amount, and sends the amount 
to the driver 118. In response, the driver 118 drives the 
phase adjusting means 110 so that the phase adjusting 
means 110 cancels the phase offset. As a consequence, 
the tangential polarization is adjusted to the approxi- 
mately linearly polarized light. 
[0050] While the degree-of-polarization monitoring 
system 180 extracts the part of the light during the ex- 
posure through the half mirror 176 and the condenser 
optical system 178, the half mirror 176 may be inserted 
into the optical path only before and after the exposure 
so as to measure the degree of polarization, and re- 
moved from the optical path during the exposure so as 
not to shield part of the light. In addition, the mask may 
be removed from the optical path before and after the 
exposure, and the degree-of-polarization monitoring 
system 180 may be arranged instead of the mask so as 
to measure the degree of polarization. 
[0051] While the illumination apparatus 100 illumi- 
nates the mask 200 at the entirely uniform light intensity, 
the exited light from each fine area on the exit surface 
of the multi-beam generating means 170 may have dif- 
ferent angles in two directions and the plate 400 may be 
exposed by scanning a slit-shaped exposure area. 
[0052] Even when the light from the light source 1 02 
fluctuates minutely due to the disturbance, the light from 
the exit angle preserving optical element 120 maintains 
the exit angle 122 as shown in FIG. 2, and the incident 
light position does not change upon the multi-beam gen- 
erating means 130. In other words, the position of the 
light intensity distribution 126 is fixed. In addition, the 
light from the multi-beam generating means 130 fixes 
the exit angle 134, and the incident light upon the dif- 
fraction optical element 140 does not fluctuate substan- 
tially. As a result, the illumination apparatus 100 is a very 
stable system relative to the fluctuations of the light from 
the light source. 

[0053] The illumination apparatus 1 00 does not affect 
the illumination area even when the light from the light ' 
source fluctuates, and the CGH forms the light intensity 
distribution for an arbitrary modified illumination. In ad- 
dition, the illumination apparatus 100 can provide the 
linearly polarized light in the tangential direction without 
lowering the illumination efficiency relative to the arbi- 
trary modified illumination condition. Moreover, the illu- 
mination apparatus 1 00 can enhance the degree of po- 
larization of the linearly polarized light and improve the 
image contrast by removing the influence of the phase 
offset on the polarization caused by the optical element 
in the illumination optical system. 
[0054] Referring now to FIGs. 10 and 11, a description 
will now be given of an embodiment of a device manu- 
facturing method using the exposure apparatus 1. FIG. 
10 is a flowchart for explaining a fabrication of devices 
(i.e., semiconductor chips such as IC and LSI, LCDs, 
CCDs, etc.). Here, a description will be given of a fabri- 
cation of a semiconductor chip as an example. Step 1 



15 



20 



25 



30 



35 



40 



45 



50 



7 



13 



EP 1 577 709 A2 



14 



(circuit design) designs a semiconductor device circuit. 
Step 2 (mask fabrication) forms a mask having a de- 
signed circuit pattern. Step 3 (wafer preparation) man- 
ufactures a wafer using materials such as silicon. Step 
4 (wafer process), which is referred to as a pretreatment, 
forms actual circuitry on the wafer through photolithog- 
raphy using the mask and wafer. Step 5 (assembly), 
which is also referred to as a post-treatment, forms into 
a semiconductor chip the wafer formed in Step 4 and 
includes an assembly step (e.g. , dicing, bonding), a 
packaging step (chip sealing), and the like. Step 6 (in- 
spection) performs various tests for the semiconductor 
device made in Step 5, such as a validity test and a du- 
rability test. Through these steps, a semiconductor de- 
vice is finished and shipped (Step 7). 
[0055] FIG. 11 is a detailed flowchart of the wafer 
process in Step 4 shown in FIG. 10. Step 11 (oxidation) 
oxidizes the wafer's surface. Step 12 (CVD) forms an 
insulating film on the wafer's surface. Step 1 3 (electrode 
formation) forms electrodes on the wafer by vapor dis- 
position and the like. Step 14 (ion implantation) implants 
ions into the wafer. Step 1 5 (resist process) applies a 
photosensitive material onto the wafer. Step 16 (expo- 
sure) uses the exposure apparatus 1 to expose a mask 
pattern onto the wafer. Step 17 (development) develops 
the exposed wafer. Step 18 (etching) etches parts other 
than a developed resist image. Step 1 9 (resist stripping) 
removes disused resist after etching. These steps are 
repeated, and multilayer circuit patterns are formed on 
the wafer. The manufacture of high-resolution devices 
with good productivity and economical efficiency (such 
as semiconductor devices, LCD devices, image pickup 
devices (e.g., CCDs), and thin film magnetic heads) 
have been difficult to manufacture. Thus, the device 
manufacturing method that uses the exposure appara- 
tus 1 , and its resultant (intermediate and final) products 
also constitute one aspect of the present invention. 
[0056] The present embodiment thus can provide an 
illumination apparatus that can set linearly polarized 
light in a desired direction to an arbitrary modified illu- 
mination without lowering the illumination efficiency, and 
easily correct any deteriorations of the degree of polar- 
ization of the linearly polarized light, an exposure appa- 
ratus having the illumination apparatus, and a device 
manufacturing method using the exposure apparatus. 
[0057] As many apparently widely different embodi- 
ments of the present invention can be made without de- 
parting from the sprit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof encompasses, for example, eve- 
rything falling within the claims. 



Claims 

1. An illumination apparatus for illuminating a mask 
having a pattern, using light from a light source, said 
illumination apparatus comprising: 



a generating section for generating an effective 
light source distribution for a modified illumina- 
tion to the mask; 

a polarization setting section for setting a pre- 
5 determined polarization state in plural areas in 

the effective light source distribution; and 
an adjusting section for commonly controlling a 
polarization state of each area. 

10 2. An illumination apparatus according to claim 1, 
wherein the generating section includes a diffrac- 
tion optical element. 

3. An illumination apparatus according to claim 2, 
15 wherein the diffraction optical element is a computer 

generated hologram. 

4. An illumination apparatus according to claim 1, 
wherein the generating section includes: 

20 

plural optical elements for generating different 
effective light source distributions; and 
a selector for selecting positions of the plural 
optical elements. 

25 

5. An illumination apparatus according to claim 1, 
wherein the phase converter includes four or more 
co-axial X I 4 phase plates that are arranged in a 
radial direction. 

30 

6. An illumination apparatus according to claim 1 , fur- 
ther comprising an introducing section for introduc- 
ing circularly polarized light to said generating sec- 
tion. 

35 

7. An illumination apparatus according to claim 2, fur- 
ther comprising an exit angle preserving section for 
emitting the light from the light source at a prede- 
termined divergent angle, and for illuminating a sur- 

40 face conjugate with the mask uniformly, wherein the 
diffraction optical element is arranged near a con- 
densing point of said exit angle preserving section. 

8. An illumination apparatus according to claim 2, fur- 
45 ther comprising an exit angle preserving sections 

for emitting the light from the light source at a pre- 
determined angle, and an optical integrator 

wherein there is an optically Fourier transfor- 
mation relationship between an exit surface of said 
50 exit angle preserving section and an incident sur- 
face of said optical integrator, 

wherein said exit angle preserving section 
uniformly illuminates said optical integrator, and 
said optical integrator uniformly illuminates a sur- 
55 face conjugate with the mask, and 

wherein the diffraction optical element is ar- 
ranged near a condensing point of said optical inte- 
grator. 
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9. An illumination apparatus according to claim 1, 
wherein the polarization setting section includes a 
phase converter for converting a phase, 

wherein said adjusting section includes: 

a first adjuster for adjusting a phase of the light 
introduced to the generating section; 
a detector for detecting a degree of polarization 
set by said polarization setting section; and 
a second adjuster for adjusting a phase adjust- 
ed by said phase adjusted by the phase con- 
verter, based on a detection result of the detec- 
tor. 

10. An illumination apparatus according to claim 1, fur- 
ther comprising a polarization controller, arranged 
closer to the light source than said generating sec- 
tion, for controlling a polarization of the light from 
the light source. 

11. An illumination method for illuminating a mask that 
has a pattern, using light from a light source, said 
illumination method comprising the steps of: 

generating an effective light source distribution 
for a modified illumination to the mask; 
symmetrically setting predetermined polariza- 
tion states to plural areas in the effective light 
source distribution; 

commonly controlling each polarization state of 
each area; 

detecting a degree of polarization set by said 
setting step; and 

controlling a polarization of the light used for 
said generating step, based on a result of said 
detecting step. 

12. An illumination method according to claim 11, 
wherein said generating step selects one of plural 
types of effective light source distributions, and 

wherein the polarization controlling step con- 
trols the polarization of the light used for said gen- 
erating step whenever the effective light source dis- 
tribution switches. 

13. An exposure apparatus comprising: 

an illumination apparatus according to any one 
of claims 1 to 10 for illuminating a mask; and 
a projection optical system for projecting a pat- 
tern of a mask onto an object to be exposed. 

14. A device manufacturing method comprising the 
steps of: 

exposing an object using an exposure appara- 
tus according to claim 13; and 
developing the exposed object; and 



using at least a part of the developed object to 
make a device. 

15. An illumination apparatus, for illuminating a mask in 
5 a system for exposing a substrate with a pattern on 

the mask, the apparatus comprising: 

means to generate, from the light input from a 
light source, a light beam for illuminating the 
10 mask, the light beam including light arranged 

to approach a place on the mask from two or 
more different directions but not from a direc- 
tion intermediate the said different directions; 
and 

15 means to control the polarisation of the light in 

the light beam so that light is substantially plane 
polarised and the direction of polarisation de- 
pends on the direction from which the light is 
arranged to approach the place on the mask. 

20 

16. Apparatus according to claim 1 5 in which, taking the 
said intermediate direction as a centre line, the light 
is polarised substantially in a tangential plane. 

25 17. Apparatus according to claim 15 or claim 16 com- 
prising adjustment means for adjusting the polari- 
sation state of the light in the light beam. 

18. Apparatus according to claim 17 in which the ad- 
30 justment means is arranged to adjust in common 
the polarisation state of light approaching in each 
said direction. 
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